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Capacitive sensor device and installations 
comprising a" se nsor device of this type 
15 — 

The present patent application claims the priority of Swiss Patent Application CH 
2002 1353/02, which was filed on 08/02/02. 

20 The present invention relates to capacitive sensors and sensor devices which are 
particularly usable for detecting motions or objects. It especially relates to ca- 
pacitive sensors and sensor devices which have an AC voltage signal applied to 
them and whose output signal is analyzed via an amplifier stage. 

25 

Background Information 

There are essentially three different types of capacitive sensors. The first varia- 
tion is distinguished in that the capacitance C having its sensor area is the fre- 
30 quency-determining element in an oscillator. A frequency shift, an amplitude 

change, or a damping increase is analyzed via a corresponding method. The dis- 
advantage of this method is a very narrowly limited active region. A further dis- 
advantage is their susceptibility to breakdown due to the influence of contamina- 
tion and/or moisture. 
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A second type of capacitive sensor is based on a repeating charge reversal of a 
defined DC voltage potential, in whose capacitance - time conversion the charge 
reversal duration is analyzed. A disadvantage of this variation is a very narrowly 
limited response region. Furthermore, this principle has no static detection inter- 
5 val, but rather a dynamic detection interval which is a function of the approach 
speed and the approach angle of an object. An example of a sensor which is ba- 
sed on the charge reversal principle is described in a publication of EDISEN- 
electronic GmbH from 2001. This publication has the title "Schalten wie von 
Geisterhand - in der Zeitebene liegt der Zauber [Switching as if by magic - the 

10 magic is in the time plane]". The analysis method described in this publication is 
the object of a European Patent Application which was published under the num- 
ber EP 0 723 339 Al. A comparable approach, which is based on the charge re- 
versal principle, is described in German Published Application DE 25 16 024. 
There is a German Published Application DE 198 15 324 Al, in which a sanitary 

15 valve is described that is designed so that through repeated charge reversal and 
determination of the charge reversal duration, the water supply may be con- 
trolled. 

A third type is capacitive barriers, whose geometric positioning of the two plates 
20 corresponds to an optical light barrier and which exploit the fact that a current 
flows between two capacitor plates when they are powered with AC voltage. One 
possibility is to shield both plates from one another through a conductive and 
grounded object. In this case, the capacitive current becomes smaller or disap- 
pears entirely. In addition, the capacitance may be elevated if a non-grounded 
25 object is pushed between the two plates. In this case, the capacitive current be- 
comes larger. The disadvantage of this variation is that the object must be lo- 
cated between the plates. A further disadvantage is the increasing susceptibility 
to breakdown due to external influences with increasing plate spacing. The de- 
pendence of the AC voltage amplitude on the plate spacing is also a disadvan- 
30 tage. A capacitive sensor for detecting the fill level of a liquid is described in 
German Published Application DE 199 49 985. 
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A further arrangement for use in the sanitary field is described in US Patent 
5,694,653. The arrangement described allows contact-less controlling of the wa- 
ter supply and the temperature of the water in a washbasin. The valve is wired 
so that it acts as a transmitter which emits electrostatic waves. If a user moves 
5 his hand toward the valve, the hand acts as a receiver of the electrostatic radia- 
tion. A large-area receiver is positioned in the front region of the washbasin, 
which in turn absorbs the electrostatic radiation emitted from the body of the 
user. A transmission circuit is thus closed and it may be detected that the hand 
has approached the valve. This type of arrangement is very sensitive and has a 
10 very complex construction. 

Object of the Invention 

15 The present invention is therefore based on the object of providing a sensor de- 
vice, which both reduces or eliminates the disadvantages described in the related 
art and also has further advantages. The present invention offers, among other 
things, the following advantages: larger response and active regions, strongly 
improved signal-to-noise ratio, detection of static and moving objects and their 

20 position in the active region, independence from generator voltage amplitude in 
the function of the active region, and, since a non-grounded object does not in- 
fluence the sensor unit, also a simple, unremarkable adaptation to existing ob- 
jects. 

25 

Achievement of the Object 

This object is achieved 

for the sensor device by the features of Claim 1; and 
30 - for installations by the features of Claim 16. 

Advantageous refinements of the present invention are defined by the dependent 
claims. 
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In the following, the present invention will be described in greater detail with ref- 
erence to the drawing: 

Figure lA shows a first sensor device according to the present invention 

5 in a schematic sectional illustration; 

Figure IB shows an equivalent circuit diagram of the sensor device 

shown in Figure lA; 

10 Figure 2 shows a schematic illustration which displays the comparison 

of a conventional sensor and a sensor device according to the 
present invention under the effect of moisture; 

Figure 3A shows a schematic illustration which displays the active region 

15 of a conventional sensor; 

Figure 3B shows a schematic illustration which displays the active region 

of a sensor device according to the present invention; 

20 Figure 4A shows a second sensor device according to the present inven- 

tion in a schematic sectional illustration; 

Figure 4B shows an equivalent circuit diagram of the sensor device 

shown in Figure 2A; 

25 

Figure 5 shows a further sensor device according to the present inven- 

tion, which has a similarity to the sensor device shown in Fig- 
ures lA and IB, in a top view; 

30 Figure 6 shows a further sensor device according to the present inven- 

tion in a sectional illustration; 



O020010P-US1.doc 



25.01.2005 / TM 



Figure 7 



shows a further sensor device according to the present inven- 
tion in a sectional illustration, 



Figure 8 



shows a further sensor device according to the present Inven- 
tion in a top view; 



Figure 9 



shows a further sensor device according to the present inven- 
tion in a top view; 



10 Figure 10 



shows a further sensor device according to the present inven- 
tion in a top view; 



15 



Figure 11 



Figure 12 



shows a further sensor device according to the present inven- 
tion In a sectional Illustration; 

shows a further sensor device according to the present inven- 
tion in a sectional illustration; 



20 



Figure 13 



shows a simplified block diagram of a further sensor device 
according to the present invention; 



25 



Figure 14 
Figure 15 



shows a further sensor device according to the present inven- 
tion in a top view; 

shows a water tap according to the present invention having 
a sensor device in a side view; 



Figure 16 



shows a urinal according to the present invention having a 
sensor device in a detail view; 



30 Figure 17 



shows an installation according to the present invention hav- 
ing a sensor device for determining the fill level. 
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The schematic construction of the present invention is shown in Figure lA. A se- 
cond electrically conductive area 41 is attached to a first electrically conductive 
area 32 using the insulator 43. Furthermore, a third electrically conductive area 
31 is provided on the first conductive area 32 using a second insulator 33. The 
5 electrically conductive area 41 is connected via a connection 36 to an AC voltage 
generator 39. The electrically conductive area 31 is connected via a connection 
37 to a sensor amplifier 40. 

The functional principle according to the present Invention will be explained in de- 
10 tail in connection with Figure IB: a generator signal sl(t) is coupled through the 
AC voltage generator 39 via CI, comprising a first electrically conductive area 41, 
the dielectric 43, and a second electrically conductive area 32.3. The signal s2(t) 
is coupled out via C2, comprising a first electrically conductive area 31, the di- 
electric 33, and a second electrically conductive area 32.1, onto the sensor am- 
15 plifier 40. The partial areas 32.1, 32.2, and 32.3 correspond in the arrangement 
described to the area 32 shown in Figure lA. A capacitance C3 comprises the 
first area 32.2 and the dielectric in the range dx, which, in addition to £o (for the 
air gap), may be composed from different Er, as is shown, for example, in Figure 
lA using an adhesive layer 34 and a carrier material 35, and the object 38. C3 
20 changes its capacitance as a function of dx, as a function of the construction of 
the dielectric, and also as a function of the object 38. In the extreme case, if 
there is no Sr and there is direct contact of the object 38 with the absorption area 
32, C3 is replaced by a resistance R>0. 

25 The arrangement between the coupling point 36 for sl(t) and the point 37 at 

which s2(t) is tapped forms the actual electrical network of the sensor device, CI 
and C3 forming a voltage divider, whose central tap supplies the signal s2(t) to 
the sensor amplifier 40 via C2. If the object 38 approaches the area 32, dx is 
reduced and the effective capacitance of C3 is thus elevated. The signal s2(t) is 

30 thus correspondingly damped. If the object 38 moves away from the area 32, dx 
becomes larger and the capacitance of C3 thus becomes smaller. Accordingly, 
s2(t) is damped less. Thus, the area 32 can be regarded as absorption area. 
The dimension of the absorption area 32 is a function of the application. The ra- 
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tio of the dimensions of the electrically conductive areas 31, 32, and 41 and their 
dielectrics 33 and 43 to one another are also a function of the application. The 
operating region of the sensor device may be optimized using voltage adaptation. 
This requires a corresponding dimensioning of CI in relation to C3. The active 
5 region of the sensor unit is essentially determined by its absorption area 32. 

The response region of a conventional sensor device is compared with the sensor 
device according to the present invention in Figures 3A and 3B. The conventional 
sensor device is shown below the diagram in Figure 3A. The signal s2(t) is only 
10 attenuated when an object approaches the plates of the capacitor in a very nar- 
rowly limited region. 

In the sensor device according to the present invention, which is shown below 
the diagram in Figure 3B, the desired response region is set using the dimension 
15 of the absorption area and/or fixed thereby. 

In order that the electrical field of CI and C2 may not be influenced, or in the ex- 
treme case even short-circuited, both the electrically conductive areas 31 and 41 
and also their dielectrics 33 and 43 are to be positioned behind the absorption 

20 area 32 and/or invisibly to the object 38, as is shown in Figure lA. A direct com- 
parison of a conventional capacitive sensor device and the sensor device accord- 
ing to the present invention are shown in this regard in Figure 2. The behavior 
when the sensor unit is moistened is shown. The output voltage s2(t) of a con- 
ventional sensor unit is constant (curve 220) in the dry state. As soon as mois- 

25 ture wets the sensor device, a short-circuit occurs and the output voltage jumps 
suddenly and achieves a maximum voltage smax. 

In contrast, the sensor device according to the present invention is insensitive to 
moisture. A short-circuit may not occur. The curve 221 runs horizontally. If an 
30 object now approaches, the voltage s2(t) falls, since damping occurs due to C3. 
The conventional sensor device shows no reaction when the object approaches 
because of the short-circuit. 
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In the following, further ennbodinnents of the present invention will be described: 

A further embodinnent of the present invention is shown in Figure 4A. A compari- 
son of Figure lA with Figure 4A shows that CI was replaced by a resistor R. The 
5 functional principle according to the present invention will be explained in detail 
with reference to Figure 4B. The generator signal sl(t) is coupled in by an AC 
voltage generator 19 via the resistor R. The resistor R may, for example, be the 
output resistance of the generator 19. The signal s2(t) is coupled out via C2, 
comprising a first electrically conductive area 12, the dielectric 13, and a second 

10 electrically conductive area 11, on a sensor amplifier 20. The partial areas 12.1 
and 12.2 in the arrangement shown correspond to the area 12 shown in Figure 
4A. The capacitance C3 comprises a first area 12 and a dielectric in the range 
dx, which, in addition to eo (for the air gap), may be composed from different Sr, 
as is shown, for example, in Figure 4A using an adhesive layer 14 and a carrier 

15 material 15, and the object 18. C3 changes its capacitance as a function of dx, 
as a function of the construction of the dielectric, and also as a function of the 
object 18. In the extreme case, if there is no £r and there is direct contact of the 
object 18 with the absorption area 12, C3 is replaced by a resistance R>0. 

20 The arrangement between the coupling point 16 for sl(t) and the point 17 at 
which s2(t) is tapped forms the actual electrical network of the sensor device, R 
and C3 forming a voltage divider, whose central tap supplies the signal s2(t) to 
the sensor amplifier 20 via C2. If the object 38 approaches the area 12, dx is 
reduced and the capacitance of C3 is thus elevated. The signal s2(t) is corre- 

25 spondingly damped. If the object 18 moves away from the area 12, dx becomes 
larger and the capacitance of C3 thus becomes smaller. Accordingly, s2(t) is 
damped less. The area 12 is thus referred to as the absorption area. The di- 
mension of the absorption area 12 is a function of the application. The ratio of R 
to C3 is also a function of the application. The operating region may be opti- 

30 mized using voltage adaptation. This requires a corresponding dimensioning of R 
in relation to C3. The active region of the sensor unit is essentially determined 
by the size and shape of the absorption area 12. 
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In order that the electrical field of C2 may not be influenced, or in the extreme 
case even short-circuited, the electrically conductive area 11 and also its dielec- 
tric 13 are to be positioned behind the absorption area 12 and/or invisibly to the 
object 18, as shown in Figure 4A. In this regard, the resistor R is also to be at- 
5 tached behind the absorption area 12. However, this construction has the disad- 
vantage that In contrast to the embodiment in Figure lA, there is no longer an 
electrical separation between the generator 19 and the absorption area 12. 

A further embodiment 30 Is that In the variation shown In Figure lA, the capacl- 
10 tor C2 Is replaced by a high-ohmic resistor. This embodiment Is not shown. The 
disadvantage of this construction variation is that the sensor amplifier is electri- 
cally connected to the absorption area. 

A further embodiment of the present invention Is shown In Figure 5. The em- 

15 bodiment 90 shown in Figure 5 corresponds in some elements to those of the 
embodiment 30. For the sake of simplicity, these elements are identified using 
identical reference numbers as in Figures lA and IB. The sensor device 9 is dis- 
tinguished in that a shielding area 112 is provided. This shielding area 112 com- 
prises a conductive material and is preferably applied to either ground or mass. 

20 The shielding area 112 is decoupled from the areas 31 and 41 of the capacitors 
CI and C2 by two dielectric layers 104 and 113. Through the shielding area 112, 
the response region of the sensor device 90 may be fixed primarily on the semi- 
space in front of the absorption area 32. Movements behind the sensor device 
90 (in Figure 5 above the shielding area 112) are not detected. Interfering influ- 

25 ences may thus be excluded or reduced. Simultaneously, the shielding area 112 
acts as a shield against electromagnetic interference. The signal-to-nolse ratio 
may thus be improved. According to the present invention, an AC voltage signal 
sl(t) from an AC voltage generator 99 is coupled via a conductive connection 96 
into the area 41 of the capacitor CI. On the output side, a sensor amplifier 100 

30 is connected via a conductive connection 97 to a plate 31 of the capacitor C2. A 
signal s2(t) is coupled out of the capacitor network here. 
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A further embodiment 120 is shown in Figure 6. The embodiment 120 shown in 
Figure 6 corresponds in some elements to the embodiments 30 and/or 90. For 
the sake of simplicity, these elements are identified using the identical reference 
numbers as in Figure 1 and/or Figure 5. The sensor device 120 is distinguished 
5 in that it has a symmetrical response region. The response region extends into 
the semi-space above and the semi-space below the sensor device 120 shown. 
The entire construction Is mirror-symmetrical to a central plane (not shown) in 
this example. In addition to the capacitance CI, formed by the first absorption 
area 32, the dielectric 43, and the area 41, and the capacitance C2, formed by 

10 the first absorption area 32, the dielectric 33, and the area 31, the sensor device 
120 comprises two further capacitors CI' and C2', as well as a second absorption 
area 122. The capacitance CI' Is formed by the second absorption area 122, the 
dielectric 123, and the area 41, and the capacitance C2' is formed by the second 
absorption area 122, the dielectric 124, and the area 31. According to the pre- 

15 sent invention, an AC voltage signal sl(t) is coupled into the capacitor network 
from an AC voltage generator 129 via a conductive connection 126 using the ca- 
pacitors CI and CI', the capacitances of the capacitors C3 and C3' being a func- 
tion of whether objects are located in the response region. On the output side, a 
sensor amplifier 130 is connected via a conductive connection 127 to the area 31 

20 of the capacitors C2, C2'. A signal s2(t) is coupled out of the capacitor network 
here. 

A further embodiment 140 Is shown in Figure 7. The embodiment 140 shown In 
Figure 7 corresponds in some elements to those of the construction 30. For the 

25 sake of simplicity, these elements are Identified using the Identical reference 
numbers as in Figure lA and Figure IB. The sensor device 140 Is distinguished 
in that the absorption area 142 is divided Into 2 through n electrically separated 
partial areas 142.1, 142.2, through 142. n. The spatial response sensitivity in dx 
may thus be elevated as a function of dL (spacing between the partial areas) and 

30 the number of partial areas 142.1, 142.2, through 142. n. However, the signal- 
to-noise ratio and the short-circuit behavior in the event of moisture as shown in 
Figure 2 accordingly worsen. According to the present invention, an AC voltage 
signal sl(t) from an AC voltage generator 139 is coupled via a conductive con- 
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nection 136 into the area 141 of the capacitor CI. On the output side, a sensor 
amplifier 143 is connected via a conductive connection 147 to an area 144 of the 
capacitor C2. A signal s2(t) is coupled out of the capacitor network here. 

5 Various further embodiments may be assembled on the basis of the embodi- 
ments shown and described through modification and other combinations of the 
individual elements. It is to be noted here that the figures are schematic. The 
figures are not to scale. 

10 In the description, reference was made several times to an object whose motion 
and/or position within the response region is detectable. The objects may be bo- 
dy parts - for example, the hand of a user - or artificial or natural objects or liq- 
uids. 

15 In addition, the sensor devices allow, among other things, the recognition of the 
following states and/or changes: 

an object comes into the response region, 

an object leaves the response region, 

an object moves in the response region, 
20 - an object changes its size in the response region, 

an object remains in the response region, 

an object changes its composition in the response region. 

25 Advantages of the sensor device: 

The sensor devices according to the present invention essentially correct the dis- 
advantages of known arrangements, or reduce the disadvantages detectably. 
The present invention has significant advantages in relation to the already known 
devices. 

30 

The sensor device according to the present invention has a significantly larger re- 
sponse and active region, since the active region is largely determined by the di- 
mension and shape of the electrically conductive absorption area. 
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According to the present invention, a sensor is no longer simply implemented by 
a two-plate capacitor, but rather at least one fixed and one variable (and/or ex- 
ternally influenceable) capacitor are used. The spatial response region may be 
intentionally tailored to external conditions through the geometric shaping of the 
5 plates and through a corresponding positioning of the plates to one another. In 
this case, the response region may be predefined both In area and spatially. 

The signal-to-noise ratio is Improved multiple times by the direct coupling of the 
AC voltage sl(t) Into the absorption area 32 via CI. 

10 

The sensor unit according to the present invention recognizes static objects and 
moving and/or moved objects and their position within the active region, since a 
corresponding signal is generated using s2(t). 

15 Using the sensor unit according to the present invention, a much larger active 
region may be achieved in area using small generator voltages, e.g., between 2 
volts and 5 volts (preferably 3 Vss). 

The sensor unit according to the present invention is not influenced by non- 
20 grounded objects, since due to the constructive arrangement of CI and C2, their 
field lines may not be Influenced directly. Thus, for example, moisture and/or 
water largely has no Influence, since it only comes Into contact with the electri- 
cally conductive area 32. 

25 In the event of a rapid ambient humidity change (In the extreme case from air to 
water). In typical two-plate devices their dielectric may become conductive 
(short-circuit), or at least change very strongly. In a device according to the 
present Invention, the dielectric may only be Influenced insignificantly In such a 
situation, since the moisture or the water only influences the absorption area. 

30 Because of the relatively low generator voltage, the devices according to the pre- 
sent invention are suitable for battery operation. 
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A further advantage is also that due to the defining size of the absorption area, 
the response region of the sensor device is largely independent of the dielectric 
of the carrier material. Therefore, a device according to the present invention 
may be used on greatly varying carrier materials. 

5 

As is obvious from the following embodiments, the sensor unit according to the 
present invention may be modified. All embodiments described up to this point 
may be modified as follows. 

10 A further embodiment 50 of the present invention is shown in Figure 8 in a top 
view. The sensor device 50 shown has an L-shaped, conductive absorption area 
52. Two capacitors CI and C2 are seated on this absorption area 52. The ca- 
pacitor CI is formed by a part of the absorption area 52 and by an area 51. A 
dielectric, which is not shown in Figure 8, is located below the area 51. The ca- 

15 pacitor C2 is formed by another part of the absorption area 52 and by area 53. A 
dielectric, which is not shown in Figure 8, is also located below the area 53. A 
response region may be predefined by the size and shape of the absorption area 
52. The absorption area 52 may assume nearly any shape. It may be situated 
two-dimensionally or even three-dimensionally. The sensor device 50 may again 

20 have a signal sl(t) applied to it by a generator. An output signal s2(t) may be 
coupled out from the area 53 at the capacitor C2- The function is comparable to 
the embodiments described previously. As soon as an object approaches the ab- 
sorption area 52, for example, this approach may be detected. The position of 
CI and C2 in relation to the absorption area 52 may be determined specifically 

25 for the application. Care must only be taken that a minimum spacing is ensured 
between CI and C2, so that the direct coupling to one another is negligible. 

A further embodiment 70 of the present invention is shown in Figure 9 in a top 
view. The sensor device 70 shown has a T-shaped, conductive absorption area 
30 72. Two capacitors CI and C2 are seated on this absorption area 72. The ca- 
pacitor CI is formed by a part of the absorption area 72 and by a plate 71. A di- 
electric, which is not shown in Figure 9, is located below the plate 71. The ca- 
pacitor C2 is formed by another part of the absorption area 72 and by an area 
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73. A dielectric, which is not shown in Figure 9, is also located below the area 
73. In the embodiment shown, the response region may be fixed through re- 
moval (for example, by cutting off using scissors). An absorption area made of a 
conductive, flexible material is especially suitable. The absorption area 72 may, 
5 for example, be implemented as a film or metal sheet which is cut to size on a 
carrier material (such as a wall of a space or a (ceramic) wall of a sanitary de- 
vice) before the sensor device 70 is attached. In order to make attaching the 
absorption area 72 easier, the absorption area 72 may be provided on one side 
with an adhesive film. With a suitable selection of the adhesive film, it may be 

10 used simultaneously as a dielectric of the capacitor C3. It is an advantage of the 
sensor device according to the present invention shown in Figure 9 that while be- 
ing detached and/or cut to size, no changes must be performed on the AC volt- 
age generator and the input sensitivity. The position of CI and C2 in relation to 
the absorption area 72 may be determined for the specific application. Care 

15 must only be taken that CI has a minimum spacing to C2, so that the direct cou- 
pling to one another is negligible. 

A further embodiment of the present invention is shown in Figure 10 in a top 
view. The sensor device 80 shown has three rectangular, conductive absorption 

20 areas 82.1, 82.2, 82.3. The absorption areas 82.1, 82.2, 82.3 are electrically 

connected to one another via connections 84.1 and 84.2. Two capacitors CI and 
C2 are seated on the absorption area 82.1. The capacitor CI is formed by a part 
of the absorption area 82.1 and by an area 81. A dielectric, which is not shown 
in Figure 10, is located below the area 81. The capacitor C2 is formed by another 

25 part of the absorption area 82.1 and by an area 83. A dielectric, which is not 
shown in Figure 10, is also located below the area 83. In the embodiment 
shown, the response region may be distributed onto the partial areas 82.1, 82.2, 
and 82.3. If these partial areas 82.1, 82.2, and 82.3 are selected in different si- 
zes, it may be differentiated using an appropriate analysis device, with object 

30 distance dx remaining the same, whether an object has approached the first, the 
second, or the third partial area. This is made possible because, due to their dif- 
ferent sizes, each of the partial areas also assumes a different effective capaci- 
tance when an object is moved toward it. If one assumes, for example, that a 
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hand approaches the first partial area 82.1, a first damping of the signal s2(t) re- 
sults. In contrast, if the hand approaches the second partial area 82.2, the dam- 
ping of the signal s2(t) is less. These differences are recognizable by a suitable 
analysis device. However, these differences are not uniquely recognizable under 
5 certain circumstances, since, for example, a small object in front of the first par- 
tial area 82.1 may cause a similar damping as a somewhat larger object in front 
of the third partial area 82.3. 

The embodiment shown in Figure 10 may be modified, for example, by providing 
10 the capacitor C2, which is used for coupling out, on an area other than the partial 
area 82.1. 

Possible manufacturing methods: 

All embodiments may be manufactured using the following method. 

15 

The sensor devices according to the present invention may be manufactured in 
greatly varying ways. Preferably, a dielectric material, such as epoxy, glass fi- 
bers, or plastic films, is used as an insulation layer (e.g., layers 33 and 43 in Fig- 
ure lA). The conductive absorption layer may be applied to this insulation layer. 

20 There are various methods for this purpose. Gluing a film on, vapor-depositing 
or sputtering on a metal coating, and application using electroplating are espe- 
cially suitable. A circuit board having metal coating (for example, having a cop- 
per lamination) may also be processed through etching in such a way that the 
absorption area receives the desired shape and size. The capacitors CI and C2 

25 may be applied to the back of the sensor device in further steps. These capaci- 
tors may either be prefinished components which are applied or they may be 
built up from individual layers. 

Circuit boards 174 which are laminated on both sides with copper are also suit- 
30 able. A sensor device 170 as shown in Figure 11 may be manufactured there- 
from. The first copper lamination is processed through etching, for example, in 
such a way that an absorption area 172 having the desired shape and size re- 
sults. The second copper lamination, which is located on the other side of the 
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circuit board 174, is textured by etching in order to form an area 173 of the ca- 
pacitor C2 and an area 183 of the capacitor CI. The circuit board 174 is used as 
the dielectric layer of the two capacitors CI and C2. This device may, for exam- 
ple, be attached directly to a carrier layer 175. This carrier layer may be a ce- 
5 ramie layer, for example. The mode of operation of the device 170 is compara- 
ble, for example, to the device 30. The entire electronics system (generator, 
signal preparation and analysis, microprocessor) may possibly also be Integrated 
onto the same circuit board 174. 

10 An example of the sensor device 190, which was implemented on a board 194 
laminated on one side, is shown in Figure 12. The lamination is processed 
through etching, for example. In such a way that an absorption area 192 having 
the desired shape and size results. Two conventional capacitors CI and C2 are 
used, which are connected to the absorption area 192 via an electrical connec- 

15 tion. The input signal sl(t) is applied to the input side of the capacitor CI and 
the output signal s2(t) may be coupled out on the output side at the capacitor 
C2. The mode of operation of the device 190 is comparable, for example, to the 
device 30. It is also to be noted that conventional capacitors may only be used 
conditionally, since, depending on the application, they are not commercially 

20 available In the required capacitance range. The capacitors preferably have a ca- 
pacitance which is <lpF. 

An absorption area made of a conductive, flexible material is especially suitable. 
The absorption area may, for example, be Implemented as a film or metal sheet 
25 which is cut to size on a carrier material (such as a wall of a space or wall of a 

sanitary device) before the sensor device is attached. In order to make attaching 
the absorption area easier, the absorption area may be provided with an adhe- 
sive film on one side. If the adhesive film is selected suitably. It may be used si- 
multaneously as the dielectric of the capacitor C3. 

30 

Exemplary forms of analysis: 

One possible form of analysis may be inferred from Figure 13. The block diagram 
of a sensor device 200 is shown. Originating from an AC voltage generator 209, 
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the signal sl(t) is coupled into the network. On the output side, a chain having 
the following elements is provided: sensor amplifier 210, filter 201 (preferably a 
bandpass filter which is tailored to the frequency of the signal sl(t)), AC/DC con- 
verter 202 (rectifier), analog/digital converter 203, and microprocessor 204. The 
5 elements of the embodiment may be characterized in greater detail as follows: 
frequency of the signal sl(t) approximately 20 kHz; amplitude of the signal sl(t) 
approximately 5 V; application factor of the sensor amplifier 210 approximately 
300; resolution of the analog/digital converter 203 10 bit and sample rate 10 Hz; 
clock frequency of the microprocessor 204 approximately 4 MHz and instruction 
10 time 1 MS. These are exemplary specifications. 

A further possible form of analysis of a sensor device 150 according to the pre- 
sent invention is shown in Figure 14. This is a device 150 which comprises n in- 
dividual absorption partial areas 152.1 through 152. n. Each of these absorption 

15 partial areas 152.1 through 152. n has the same input signal sl(t) applied to it in 
the embodiment shown. It is also conceivable that each absorption partial area 
152.1 through 152, n has its own Input signal applied to it. The input signal sl(t) 
is coupled into the capacitor network via the capacitor Cl.l - comprising the area 
151.1, a dielectric, and the absorption partial area 152.1. The capacitors CI. 2 

20 through Cl.n each comprise the areas 151.2, 152.2 through 151. n, and a dielec- 
tric in each case. The partial signals s2.1(t), s2.2(t) through s2.n(t) are coupled 
out via the capacitors C3.1, C3.2, through C3.n. The capacitor C3.1 is formed by 
the area 153.1, a dielectric, and the absorption partial area 152.1. C3.2 is 
formed by the area 152.2, the dielectric, and the absorption partial area 152.2. 

25 C3.n is formed by the area 153. n, a dielectric, and the absorption partial area 

152. n. The output signals s2.1(t), s2.2(t) through s2.n(t) are supplied to sensor 
amplifiers 160.1, 160.2, through 160. n. After these output signals have been 
amplified, the amplified signals are converted using A/D converters 161.1, 161.2, 
through 162. n into digital signals. In the example shown, a microprocessor 162 

30 is used. 

Using suitable analysis routines, the microprocessor 162 may analyze whether an 
object is located in front of one of the absorption partial areas 152.1 through 
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152. n. It may also determine in front of which of the absorption partial areas 
152.1 through 152. n the object is located. Depending on the arrangement of the 
absorption partial areas 152.1 through 152, n, not only a planar resolution, but 
rather also a spatial resolution may be achieved. In the example described, n is 
5 a natural number greater than 1. Motions and motion directions may also be re- 
cognized. 

An operational amplifier is preferably used as the sensor amplifier In connection 
with the present Invention. Ideally, the operational amplifier allows the ampllfi- 

10 cation factor to be adjusted. Therefore, the sensor amplifier may be set In such 
a way that downstream stages (such as a coupling circuit for coupling the analog 
part of the sensor device with a downstream digital processing device) may be 
fed with a signal that lies In a range which may be processed. The regulation 
and/or the automatic adjustment may also be implemented In another way. The 

15 type of wiring cited may be used together with any of the previously described 
embodiments. 

If a digital processing device (microprocessor or computer) is to be used in order 
to process the output signals of the capacitor sensor device, an A/D converter is 

20 used which is preferably connected downstream from the sensor amplifier or the 
AC/DC converter. The A/D converter converts the analog output signal at the 
output of the sensor amplifier or a rectified signal Into digitally coded signals. 
The A/D converter is to have a resolution of 8, 10, 12, or more bits. The resolu- 
tion has an Influence on the precision of the A/D conversion. Depending on the 

25 embodiment, the A/D converter may have a parallel or a serial Interface, via 

which a connection to the digital processing device (e.g.. In the form of a micro- 
processor) is Implemented, or It Is already integrated into the processing device. 

Fields of application: 

30 The main field of application of the present invention Is currently seen In Installa- 
tions which are applied in the sanitary field in the widest sense, including the la- 
boratory field, measurement technology in the widest sense, including level and 
position measurement, and in building technology in general. In connection with 
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the present invention, the term installation comprises at least one sensor accord- 
ing to the present invention and/or one sensor device according to the present 
invention, a chain having processing elements, an energy source (power supply 
unit or battery), and a downstream system to convert the detection into an ac- 
5 tion (such as opening and closing an actuator (e.g., a valve or overflow protec- 
tor), displaying information, or turning devices, valves, and the like on or off). 

In the sanitary field, there is a need for detecting motions and positions without 
contact, for reasons of hygiene or operating comfort. Thus, for example, flushing 
10 a toilet bowl or a urinal bowl or turning on and off a water supply to a washbasin 
or sink, a shower stall, or a bathtub may be regulated or controlled without con- 
tact. Using suitable embodiments of the present invention, the supply of both 
cold water and hot water may be regulated separately, so that a mixture is re- 
ceived at a desired temperature. 

15 

Water supply regulators and/or controls to sanitary valves in the public area are 
frequently subjected to vandalism by the user, and it is an advantageous prop- 
erty of the present invention that water supply regulators and/or controllers may 
be designed as vandal-safe using it. The present invention is also suitable for 
20 sanitary valves which are predominately used by older people or the handi- 
capped, since no application of force is necessary. In addition, with a suitable 
embodiment of the present invention, the region which a body part must ap- 
proach may be implemented as relatively large, which allows actuation of sani- 
tary valves by the handicapped. 

25 

In certain cases, it may be advantageous to provide an overflow safety on sani- 
tary valves. Using an overflow safety of this type, overfilling and/or overflowing 
of a sanitary valve may be prevented more reliably than using an overflow open- 
ing, which may be clogged by contamination. 

30 

In the sanitary field, there is a need to be able to activate and deactivate water 
supply valves without contact. Using the sensor device 300 according to the pre- 
sent invention, the supply unit 301 (water tap) may be used directly as the ab- 
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sorption area, as is sclnematically shown in Figure 15. The AC voltage signal is 
provided by generator 309 and coupled into the tap 301 via a capacitor CI. An 
output signal is coupled out via a capacitor C2 and transferred to an amplifier 
310. If a hand is brought into proximity to the tap 301 (absorption area), the 
5 water supply is turned on. If the hand is removed again, the water supply is in- 
terrupted again. Thanks to the sensor device according to the present invention, 
having the elements CI, C2, the generator 309, and the amplifier 310, in con- 
trast to the known capacitor sensor devices, the hands are already recognized 
from a relatively large distance. The presence and the removal of the hands may 
10 also be recognized perfectly using the sensor device according to the present in- 
vention, in contrast to the known capacitor sensor devices. 

The embodiment shown in Figure 15 may be improved further by also applying 
the AC voltage signal of the generator 309 to the medium (in the present case 

15 water) which flows out of the tap 301. The stream of water emitted thus has the 
generator signal applied to it and may be "blanked out" in the analysis. The 
stream of water does not produce damping, but rather may produce a slight sig- 
nal amplification depending on the coupling of the generator signal. Better dif- 
ferentiation between water and, for example, a hand is therefore possible. The 

20 AC voltage signal of the generator 309 may be applied to a metal part which is in 
contact with the water emitted via a high-ohmic resistor and a capacitor, for ex- 
ample. 

The sensor device 400 according to the present invention may also be used to 
25 control a urinal, as is indicated in Figure 16, In this case, an absorption area 402 
is attached behind a ceramic wall 401 of a urinal in such a way that the presence 
of the user and/or the urine stream is recognized as the object. The AC voltage 
signal is provided by a generator 409 and coupled into the absorption area 402 
via a capacitor CI. An output signal is coupled out via a capacitor C2 and trans- 
30 ferred to an amplifier 410. If a hand is brought into proximity to the water tap 
301 (absorption area), the water supply is turned on. 
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In building technology, using the present invention, even larger areas, such as 
walls and the like, may be laid out in such a way that objects and, under some 
circumstances, also their position in front of these areas are detectable. New 
possibilities thus result for intelligent solutions in buildings in particular. For ex- 
5 ample, interactive areas may be implemented using the present invention. 

In an intelligent building equipped in this way, sensor devices according to the 
present invention may be used to control elevators, for example. 

10 A further field of application of the present invention is in the door automation 
field. Through suitable positioning of the sensor device, the automatic opening 
and closing of doors may be caused. Furthermore, the hazard region of the door 
may also be monitored, which prevents the door from closing when a person is 
located in the hazard region. 

15 

A further field of application is in measurement technology. Using the present 
invention, a level measurement may be performed easily and without coming into 
contact with the medium 502, as is schematically shown in Figure 17. By attach- 
ing a vertical absorption strip 503 to the outside of a non-conductive container 
20 501, the corresponding level may thus be determined easily, since the absorption 
increases as a function of the absorption area 503 covered by the medium 502. 
In the embodiment 500, the AC voltage signal is provided by a generator 509 
and coupled into the absorption area 503 via a capacitor CI. An output signal is 
coupled out via a capacitor C2 and transferred to an amplifier 510. 

25 

A system for leak recognition may also be implemented. For this purpose, the 
device according to the present invention is positioned in the region of a con- 
tainer to be monitored. Liquid or another medium escaping damps the field and 
may thus be detected. If a light generator signal is applied to the medium, as 
30 described in connection with Figure 15, the system may differentiate liquid which 
has escaped from the container from other liquids. 
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A field of application which may also be included in nneasurement technology is 
position measurement. Since the present invention may also determine dis- 
tances up to several tens of centimeters, a position measurement of an object or 
in relation to an object may be implemented. 

5 

A broad field for situating the sensor device according to the present invention is 
the kitchen field, for which combined sensor devices, such as those shown in Fig- 
ure 14, are particularly suitable. Various kitchen devices may thus be turned on 
and/or off or switch positions may even be changed. If the novel sensor device 
10 is used in the kitchen field, its contactless actuation is especially advantageous; 
working in the kitchen frequently results in dirty hands and sometimes requires 
sudden actuation of a device; if such an actuation must be performed via con- 
tact, the device is subsequently dirtied, which may be avoided through controls 
having the sensor device according to the present invention. 

15 

Call systems may also be controlled with the aid of sensor devices according to 
the present invention. With arrangements as shown in Figure 10, it is addition- 
ally possible to selectively operate a call system. 

20 A field of application which may also be included in building technology is the se- 
curity field. The sensor devices according to the present invention may be used 
in a similar way as heat sensors, but are completely unremarkable, so that an 
unauthorized person is prevented from bypassing them or even shutting them 
down. For example, dangerous regions, such as machines or the like, may be 

25 secured by a sensor device. The sensor device may cause the machine to be 
turned off. 

It is also possible to implement person monitoring using a foot mat, which has a 
capacitor plate or film as the foot mat. If a person steps onto this mat, the gen- 
30 erator signal is damped. 

As it is desirable for reasons of hygiene to actuate the control of the water supply 
to sanitary valves without contact, it may be advantageous in the medical field, 
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particularly in operating rooms, to control greatly varying devices of nnedlcal 
technology without contact. 

In the widest sense, irrigation systems, possibly with fertilizer supplies, of nurs- 
5 eries or agrotechnical experimental fields, for example, even in greenhouses, 
may also be included In the sanitary field. Advantageous arrangements may be 
implemented for this purpose, particularly having a sensor device as shown in 
Figure 10. The regions which trigger a reaction of the sensor device when ap- 
proached are positioned inside a map representation of the ground to be irri- 
10 gated, the partial areas 82.1, 82.2, and 82.3 of the sensor device lying in partial 
regions of the map illustration. The control of an irrigation system is therefore 
very visible and simple. 
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